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INTRODUCTION

This technical memorandum presents data and results of tests
performed to determine the RF power which can be delivered to
electroexplosive initiators (blasting caps) when connected to
various wire configurations vypical of blasting operations and with
the entire system exposed to electromagnetic radiation, Five
distinct wire patterns were chosen to simulate the random wire
inadvertent antennas of typical blasting operations,

This report describes *“e tests performed and the methods used
to test these antennas ove: ;.e¢ range of frequencies and test
conditions as prescribed by the Systems Unit, Cne point of particular
interest was to determine the difference in energy received when the
random wire antennas were located on the ground compared to when
they were raised three feet off the ground. Also of interest were the
characteristics of the diamond antenna when exposed to swept
frequencies. All configurations that were found to receive sufficient
energy to fire a loaded blasting cap were to be retested with loaded

caps,



SUMMARY

This report describes the tests conducted on five specific wire
configurations with blasting caps attached, for the purpose of
determining their antenna characteristics. These configurations
were formed from insulated wire similar to that furnished with Mé
Blasting Caps., The five configurations were tested to determine
their receiving characteristics by measuring (with suitable o
instrumentation) the current flowing in the bridgewire of the ™,
blasting cap as the result of electromagneti: energy abstracted by s
the antenna from the impinging field,

The specific configurations tested were:

Diamond Antenna

Eleven-inch folded Dipole Antenna
Thirty-nine foot three-inch, Dipole Antenna
Forty-eight by 24-foot Loop Antenna
Fifty-foot, two~conductor Antenna

These configurations were selected since it is likely that they
might occur in blasting operations and thus represent the most
susceptible types of configurations (Figures 1-5),

Each configuration was exposed to radio frequency (RF) in two
specific positions -~ on the ground and three feet above the ground,
In all cases, horizontal polarization was employed and each con-
figuration was laid out horizontally and oriented in a direction for
maximum RF current in the instrumented bridgewire,

The tests show that -~ with the exception of the diamond
configuration -- there is considerable reduction (up to 12 db) in
received power when the antenna configurations are located on the
ground compared to when they are located three feet above the
ground, The diamond configuration did not indicate an appreciable
difference in received power when the antenna height was varied
from three feet down to six inches, although the amount of pickup
was enhanced about six db by the addition of a reflector,

Where the configurations are formed by straight or nearly
straight pairs of wires they appear to function as half-wave dipoles
and as might be expected the maximum bridgewire current occurs
at about the calculated half-wave resonant frequency,



The data indicate that it was only feasible, with the RF fields
available, to attempt to fire live Mb Blasting Caps in the diamond
corfiguration with a foii reflector added 1o enhance its effective
gain. Eight live blasiing caps were detonated by sweeping the high
frequency transmitter through a freguency band from 900 to 2, 000
Mec, Detcnation occurred at 1,260 Mc when the band was swept,
starting at the iow end of the band; detonation occurred at 1,400 Mc
when the band was swept from the high end down.

Data aiso was obtained on the diamond configuration while
sweeping the transmitter through the 900 to 1,000 Mc band at two
different rates: 24.5 Mc/sec and at 11 Mc/sec. Bridgewire
current response was identical under both the high and low rate,
demonstrating that the thermal time constant of the bridgewire and
the Q of the configuration are compatible with the high rate of sweep.

Data showing the relationship between frequency and bridgewire
currexnt for each antenna are include? as well as graphs, where
sufficient data was available, The bridgewire current was normal-
ized to 1) the field intensity required to induce NO FIRE current in
the field, 2) an arbatrarily selected field intensity of 20 volts/meter
{0. 1 Mw/ cmz) which can easily be encountered in the field and 3)
the cuizent at the maximum available field inteasity, and presented
as a function of frequency.,




CONCLUSIONS

Test results indicate that only the diamond configuration with
fcil backing can be used to fire live blasting caps at the RF
facility at Picatinny Arsenal, All other configurations werz
incapable of abstracting sufficient energy from the available RF
fields to raise the bridgewire current above the NO FIRE level.
Data for the antennas has becn presented extrapolated to the field
intensity recuired to induce:

1. The NO FIRE current in the bridgewire.
2. The current at a field intensity of 20 voits/meter,
3., The current at the maximum available field intensity.
Both the folded dipole antenna and the 50-foot two-wire antenna
appear to be resonant, and abstract maximum RF energy, at thzir
calculated half-wave resonant frequencies.
The effective height of the diamond antenna does not vary

appreciably with the actual height above the ground at microwave
frequencies, therefore proximity to the earth does not appreciably

reduce the susceptibility of configurations of this type.

Detonation of M6 Blasting Caps in the diamond configuration
can be accomplished by sweeping the high frequency transmitter
through the band of frequencies where the configuration displays
maximum pickup capability as long as the rate of sweep is
compatible with the Q of the configuration and the thermal time
constant of the blasting cap.




RECOMMENDATIONS

The tests in this report were performed on five specific
configurations rather than on truly random antenna configurations,
It is recommended that further tests be performed on random
contigurations and that an attempt be made to statistically evaluate
the susceptibility of the many possible tactical corfigurations which
can be formed,




DISCUSSION

These tests were conducted to determine the amount of RF
power that can be delivered to electroexplosive initiators (blasting
caps) when they are connected to various wire configurations
typical of blasting operations, It was realized that if random
length wires were actually used without an attempt at utilizing
defined configurations the tests would necessarily have had to be
on a statistical basis, From past experience with blasting caps
and their arsociated connecting wires, five specific antenna
configurations were selected as representative of the random wire
inadvertent antennas typical of blasting operations.

Appendix C is the test plan for this program and describes the
tests and the methods used on the antennas over the range of
frequencies and test conditions as prescribed by the Systems Unit,

This section of the report details the antennas tested and in
addition includes changes made in ihe test plan that were indicated’
to be nccessary as the tests proceeded. The five test antennas
utilized for this program were:

Diamond Antenna (Figure 1) -~ This wire configuration was
rnounted six inches above a wooden board and exposed to swept
frequencies from 900 Mc to 2.9 Ge. Additional tests were performed
at spot frequencies to obtain a curve of the envelope of the resonance
peaks (interpretation of data) and the field intensity corresponding to
each peak. Tests also were performed at 16,4 and 25,4 Mc, These
tests were performed with the antenna on the ground and three feet
off the ground. Tests also were performed with a metallic foil sheet
reflector mounted on the wooden board; common mode measurements
a’so were performed with this configuration,

Folded Dipole - 11 Inch {Figure 2) ~- This wire
corfiguration was constructed and exposed to swept frequencie
from 500 Mc to 950 Mc. Additional tests were performed at spot
frequencics to obtain a curve of the envelope of the resonance peaks
(discussion of da.a) and the feld intensity corresponding to each
peak., Thesc tests were performed with the antenna on the ground
and three feet off the ground, Data was obtained with the blasting
machine in and out of the circuit.




Folded Dipole Antenna - 39 feet 3 inches (Figure 3) --
This configuratior was constructed and tested at 12 Mc, All four
sensors were ieft in the circuit during tests and the recorder was
connected to each in turn, Common mode measurements were
performed on each sensor, Tests were performed (a) with the
blasting machine out and with the configuration leads open; (b} with
the blasting machine connected to the configuraticn leads; and
{c) with the blasting machine out and the contiguration leads shorted,

Loop Antenna - 48 feet x 24 fcet (Figure 1) -~ This
corfiguration was constructed and tested at 4,03, 12, 300, 500,
6C0 and 700 Mc. All three sensors were left in the circuit during
tests and the recorder was connected to each in turn, Common
mode measurements were performed on each sensor, Tests were
performed: (a) with the blasting machine out and with the configura-
tion leads opern; {b) with the blasting machine connected to the
configuration leads ard (c) with the blasting machine out and the
configuration leads shorted, All teets were performed with the
antenna located three feet off the ground and on the ground.

Fifty-Foot Two-Conductor Antenna (Figure 5) -- This
configuration was constructed and tested at 5.875, 9 and 12 Mc.
Tests were conducted with the sensor in the position shown and
also with it moved to the center of one wire, Common mode
measurements were performed on each sensor. Tests were
performed: (a) with the blasting machire out and with the

corfiguration leads apex; (b} with the blasting machine connected to
the configuration leads and (c¢) with the blasting machine out and the
cornfiguratior leads shorted. Tests included the antenna at ground
level and three feet off the ground,

Each of the configurations was, in turn, exposed to
horizontally polarized RF and orientation was adjusted so that
maximum RF current flowed in the bridgewire., The distance from
the trausmitter to the configuratior under test was chosen so that it
was at least one wavelength at the transmitted frequency. This was
to insure that the tests were being conducted in the far field where
standard techniques can be employed to measure the intensity of the
radiated field.




The procedure adhered to during tests was:

The oscillograph recorder was connected to the
configuration under test (Appendix C).

The transmitter was turned on and field intensity
measurements made,

Galvanometer mechanical zero was noted with the
transmitter off,

The transmitter was again turned on and the
galvanometer deflection noted.

The bridgewire was then properly short circuited
to check for common mode voltages (Appendix D).




INSTRUMENTATION

The instrumented biasting cap or sensor, referred to in the
configurations listed in Appendix C, consists of a bare M6 Bridge
Plug with a vacuum deposited thermocouple {VDT) mounted
within 0,003-inch of the bridgewire, Each sensor is encased within
a brass case simulating the shell of the blasting cap. During tests
the bridgewire leads are « . .ectedto the configuration in question,
The leads 2marnating from the VDT are run through balanced
shielded wire to aMidwestern type 560-C5 recorder. It should be
noted that during tests a procedure was established tu assure that
the instrumentation and leads were not in themselves picking up RF.

The sensitivity of this instrumentation is such that 5 Ma of
oridgewire curreat can be resolved, This is equivalent to
wonitoring currents 1/40 of the NO FIRE current of the M6 Blasting
Cap and therefore permits extrapolation of data to field intensities
of 40 times the test environment,

Each of the instrumented M6 sensors was calibrated in the
laboratory by conducting 10, 20 and 30 Ma of direct current through
the bridgewire and recording the deflection of the galvanometer of
the Midwestern Recorder (the calibration data appears in Table 2).
Since the thermocouple is basically a temperature sensing device,
and sirce the temperature rise of the bridgewire is directly
proportional to the power supplied to the bridgewire, the thermo-
couple sensor therefore acts as a square law detector -- output
voltage is proportional to the square of bridgewire current, With
the data obtained in the laboratory one can establish a sensor
constant K which relates galvanometer deflection to bridgewire
carrent. This relationship is given by:

N 12
- &)

where D = Galvanometer deflection in mm
I = Bridgewire current iz ma
K = Sensor corstant in mmj/ma

For a given galvanometer deflection during tests, the formula
permits the determination of the amount of DT equivalent current
flowing in the bridgewire over the range of test frequencies.




INTERPRETATION OF DATA

Diamond Antenna (Figure 1) -- The diamond antenna displayed
multi-resonant phenomena which is demonstrated by the many
current maximums occurring throughout the frequency range

from 0,930 to 2.0 Ge, Graph 1 clearly indicates that this
configuration is equally susceptible to four frequencies (1,06,

1.2, 1.265 and 1,49 Gec). It must be emphasized that measure-
ments were made at reduced transmitter power to protect the
instrumerted sensor irom burnout. Graph 2 and 3 are a result of
the extrapolation of measured sensor current to the maximum
transmitter power available at the facility. These graphs clearly
indicate that it is not possible to reach the NO FiRE level (200 ma)
for the M6 Blasting Cap unless aluminum foil is placed six inches
below the diamond actenna, This fcil, in effect, increases the
effective gain of the diamond antenna by about 6 db. In addition,
Graph 2 shows the relationship between the amount of current
flowing in the bridgewire when the antenna is located both three

feet above the ground and aiso six inches a2bove the ground. Itis
interesting to rote that the diamond configuration is nearly as
sensitive with the anterna located six inches above the ground as it
is when it is located three feet above the ground, This did not occur
for tke low frequency configurations., This phenomena can be
explained by noting that for a given length of wire, exposed to
horizontal radiation, the vertical angle of maximum radiation varies
as a function of frequency. At the lower frequencies where the
height of the anterna {or wire) above ground is small with respect

to wavelength, the vertical angle of maximum radiation is extremely
kigh giving rise to an effective antenna gain which is low compared
to its free space gain, However, for a given height above the
ground, as the frequency is raised, the angle of maximum radiation
t.lts downward resulting in an effective antenna gain which z.proaches
free space gain and can actually exceed free space gain by a factor
of two, which occurs when the rcflected wave completely reinforces
the direct wave {Table 3a and 3b).

Graph 3 is 2 plot of bridgewire current extrapolated to maxi-
murm available facility power vs. frequency for the diamond antenna
with a foil reflector. The addition of the reflector to the configura-
tion, in effect, increases the gain of the antenna approximately 6 db.
This added gain was sufficient to raise the current above the NO
FIRE level at two frequenzies, 1,260 Ge and 1.4 Ge. Eight live M6
Blasting Caps were exploded to verify the existence of sufficient
fields to detonate live caps. Data was also obtained on the diamond
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configuration while sweeping the transmitter through the 900 to
1,000 Mc bard at two diffcrent rates, at 24,5 Mc/sec and at 11
Mc/sec. Bridgewire current response was identical under both
the kigh and low rate, demonstratirg that the thermal time
constant of the bridgewire and the Q of the configuration are
compatible with the high rate of swecp.

Eleven-Inch Folded Dipole {(Figure 2) -- Data resulting from
irradiating the 11l-inch folded dipole are in Table 4. Graph 4
shows bridgewire current normalized to 20 volts per meter field
intensity vs, frequency. The most susceptible condition occurs
at a frequercy of 530 Mc, with the anteana located thro~ feet
above the ground, wher the artenna is =ol terminated with the
blasting machire but with the conrecting leads short circuited.
Fifty-seven volts per meter is required to raise the current up
to the NO FIRE level for the M6 Blasting Cap. When this
corfiguration was placed on the ground the current was reduced
to zero at the most susceptibie frequercy,

Thirty~-Nine Foot Folded Dipole (Figure 3) -~ The data using the
39-foct folded dipole antenna are in Table 5. The data indicate
that the most susceptible condition occurs when the blasting
machine is conrected ir. the IN position with the antenna located
three feet above the ground (Figure 3), The sensor irdicating

the highest susceptibility is Sensor #198, located in Position 3 of
Figure 3, It should be zoted Lowever, that Sensor #1786, wkich
is located in Po:ltior 2, alsc preserts a high degree of suscepti-~
bility, Theoreticaily, the sersor Jocated in Position 2 should be
the most susceptible, It is feit that the current distribution along
the cipnle is affected by the asymmetrical arrangement of the Mé
sensors ir the anterna, thereby shiftirg the current maximum
poirt to the right ot certer, Thirty-eight volts per meter is
required to raisc the bridgewire current to the NO FIRE level,

The energy abstracted by this cornfigeration was considerably
reduced when the anternra was placed on the ground.,

Forty-Eight Foot Loop Anterna (Figure 1) ~~ For the 48 x 24 foot
cornfiguration maximum current was indicated at 12 Mc with the
instrumented sensor in Position 1 with the antenna located three
feet above the ground {Table 6).




Thirty-one volts per meter is required to raise the bridgewire
current to the NO FIRE current level,

The power received by this configuration went to zero when the
antenna was placed on the ground.

Fifty-Foot Two-Conductor Antenna (Figure 5) -- The 50-foot
configuration receives maximum energy at 9 Mc, its theoretical
half-wave resonant frequency. Maximum current is experienced
with the sensor located in Position 2 and the antenna three feet off
the ground (Table 7). Eighteen and one-half volts per meter is
required to detonate M6 Detonating Caps (Graph 5).

The power received by this configuration went to zero when
the antenna was placed on the ground.

Table 8 summarizes the minimum field intensity necessary to
raise the bridgewire current to NO FIRE level of the M6 Blasting
Cap for all configurations tested. In addition, minimum safe
distance of each configuration is noted for a typical transmitter
setup.
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TABLE 1

TRANSMITTING EQUIPMENT

Transmitter
Nomenclature Antenna

Power (watts)

Frequency

4 Mc - 30 Mc BC-339 /2 Dipole

350 Mc ~ 10.4Gc  Log Periodic
Xmtr

350 Mc - 2 Ge

FIELD INTENSITY EQUIPMENT

Transmitter

Frequency Nomenclature
oy —ture

Empire, NF105

4 Mc - 30 Mc

350 M - ib ¢
16¢c -26c Empire, NF112

1,000

250

Antenna

Loop, LP-105

Empire, NF105 Dipole, DM-105-T3
Log Periodic, AT-112




TABLE 2

CALIBRATION OF VACUUM DEPOSITED THERMOCUPLE SENSOR

Deflection {mm) Vs
Sensor Bridgewire (ma) Calibration Constant K
No. 10 20 30 {mm/(ma)?)

1781 1.5 5.0 1/80

1785 1/160
1/86
1/190
1/225

1/200

Instrumented Blasting Cap

D = KI? where D = Galvanometer deilection in mm
K = Calibration constant
I = Bridgewire current
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Minimum F.1, toReach
Statistical 5% Firing
Distance From Probability Level (No-
Configuration Frequency Transmitter Antenna Fire) Level of 200 Ma

Diamond Antenna 1.265 Gc 30 ft. 25,0 vim
(Figure 1, without foil
Appendix C)
1,25 Ge
with foil

11 in. Folded 540 Mc
Dipole Antenna

(Figure 2,

Appendix C)

39 ft, Folded 100 ft,
Dipole Antenna

(Figure 3,

Appenaix C)

48 ft x 24 ft,. Loop 12 Mc 100 1t, 31,0 v/im
Antenna(Figure 4,
Appendix C)

50 ft, #18 Wire 9 Mc 100 ft, 18,5 v/n
Conductor Antenna

(Figure 5,

Avpendix C)
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GRAPHS
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APPENDIX C

TEST PLAN




OBJECTIVE

This test plan is bascd upon a plan written by the Systems Unit
and intends to determine the antenna characteristics of various types
of random length wires when terminated in two chms impedance and
exposed to an RF environment over the frequency range of 5.0 Mc to
2 Kmc. To simulate random length wires, various types of wire
antennas are chosen that are characteristic of configurations that may
be found in blasting operations and also are likely to experience the
most RF current.

The objective wili be accomplished by terminating the antennas
in an inert M6 Blasting Cap which will be instrumented with a vacuum
deposited therr ple RF sensor., The antenna current experienced,
as a result of the RF environment, will be measured utilizing the RF
sensor and a recording oscillograph. This will permit determination
of the antenna receiving characteristics of the various antennas.

1. Antennas -- The characteristics of random length wires as
receiving antennas when terminated in a two ohm load, will be
evaluated using the antenna configurations {(Figures 1-5):

Ten~Feet M6 Blasting Cap wires formed into 2 diamond
configuration with 26-inch width ~- Test from 900 Mc to
2.0 Kmc (Sweep)

Folded dipole resonant at about 500 Mc -- Test irom
350-900 Mc (Sweep)

Folded dipole resorant at about 12 Mc -- Test at 12 and
500 Mc

A loop antenna at 500 Mc and 12 Mc -- Test at 12 and 500 Mc

Fifty-feet of No, 18 wire, two conductor -- Test at 5.0 Mc,
9.0 Mc and )2.0 Mc

2. Instrumentation -- The instrumentation to be utilized in evaluating
the above antennas is:

Each antenra will be terminated in an inert Mé Blasting Cap
which will be inctrumented with vacuum deposited thermo-
couple RF seasor.




A Midwestern type 560-C5 oscillograph recorder will
be used to record the vacuum deposited thermocouple
RF sensor output.

3. Caljbration of Instrumentation -- The instrumented inert Mé
Blasting Caps will be calibrated, while terminated in their
respective recording oscillograph galvanometer channels, at 10,
20 and 30 milliamperes direct current.

4. Test Configurations

Ten feet M6 Blasting Cap lead wires formed into the shape of
a Jdiamond will be oriented to obtain maximum RF current in the M6
Blasting Cap bridgewire.

The 500 Mc folded dipole and loop antennas, with M6 Blasting
Caps attached, will be laid out horizontally in direction of maximum
RF current in the instrumented M6 hridgewires., Tests will be
performed with:

Wires open on end opposite blasting caps

Firing Device on end opposite blasting caps

The 12 Mc folded dipole and loop antennas, with inert M6
Blasting Caps attached, will be laid out horizontally, in the
direction for maximum RF current in the instrumented M6 bridge-
wires. Tests will be performed with:

Wires oper: on end opposite blasting caps
Firing Device on end opposite blasting caps
Fifty-feet No. 18 wire, two conductor, with instrumented inert
M6 Blasting Cap attached, will be laid out horizontally in the direction
for maximum RF current in the M6 bridgewire. Tests will be
performed with:

Wires open on end opposite blasting cap

Firing Device on end opposite blasting cap




NOTE -- Antenna configurations will be evaluvated:

While lying on the ground
While suspended three feet off the ground

5. Testing Live M6 Blasting Caps -- If the test resuits of any or
all antenna configurations prove favorable in regards to activating
a live M6 Blasting Cap, 1an attempt will be 13ade to fire a number
of M6 Blasting Caps using those antenna configurations found
favorable for this purpose.

6. Frequencies -- Evaluation of the various antennas will be
conducted at the following frenuencies:

5,0 Mc
8.0 Mc
9.0 Mc
11 Mc
12 Mc
13 Mc

350 Mc - 900 Mc (Sweep) . . .
900 Mc - 2 Kmc {Sweep) Resonances will be investigated

7. Polarization -- Testing of the random length wires will be
performed at the frequencies found in paragraph 6, using horizontal
polarization.

8. RF Environment -- Testing of the random length wires will be
conducted in the maximum fields capable of being generated at the RF
hazards facility.

9. Data Analysis -- This will be analyzed to determine:

Charac.eristics of the raadom length wires as receiving
antuanas

Receiving characteristics of the antennas when lying on the
ground vs. those when the antennas are threc feet off the
ground

10. Final Test Report -- This report will present the test results
on the various antennas and wili utilize a standard report format.
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APPENDIX D

COMMON MODE REJECTION
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COMMON MODE REJECTION

To have current flow through a bridgewire, a potential difference
must exist across the bridgewire. When an output signal is indicated
from an instrumented bridgewire and the Lridgewire is properly short
circuited, the sensor output should appropriately reduce to zero,
since by definition there can be no current flow through the bridgewire.
On the configurations tested it is possible that large voltages can exist
from the bridgewire leads to ground with little or no potential difference
across the bridgewire leads, This cordition is possitle if the voltages
from each lead to ground are of equal amplitude and in phase. Under
this condition no current will flow in the bridgewire; however, if the
voltage to ground is e ive, the in use will erroneously
indicate bridgewire current. This phenomena manifests itself if the
sensor in use exhibits insufficicnt common mode rejection, The
sensors used have a common mode rejection of about 65 db. This
means that if the ratio of the coramon mode voltage to bridgewire
voltage (bridgewire current times bridgewire impedance) exceeds
1,800, false indication of bridgewire current occurs,

The limitation incurred by ihis phenomena requires that the
bridgewire be perfectly shorted during cach radiation test to determine
the authenticity of current indications. If, when the bridgewire is
shorted, the output of the VDT reduces to zero this indicates that
current had been flowing in the bridgewire. If the output either does
not decrease or fails to reduce to zero, this indicates the presence of
excessive common mode voltage, Under this condition quantitative
evaluation of data becomes difficult, however, it can be shown that the
data, which contains a contribution from both bridgewire current and
common mode voltage, can be adjusted to t for the
mode contribution, although this reduces the creditability of the
bridgewire current data,
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ABSTRACT

Accession No, AD

Picatinny Arsenal, Dover, New Jersey

EXPERIMENTAL INVESTIGATION OF
ANTENNA CHARACTERISTICS OF RANDOM
LENGTH WIRES WHEN TERMINATED IN A
TWO OHM LOAD

Abraham Grinoch (Coordinator)

Technical Memorandum 1532, November 1964,
49 pp, tables, figures. UNCLASSIFIED
report from the Technical Services Laboratory,
Ammunition Engineering Directorate,

This report describes the tests
conducted on five specific wire configurations
with blasting caps attached, for the purpose of
determining their antenna characteristics.
These configurations were formed from
insulated wire similar to that furnished with
M6 Blasting Caps. The five configurations
were tested to determine their receiving
characteristics by measuring, with suitable
instrumentation, the current flowing in the
tridgewire of the blasting cap as the result of
electromagnetic energy abstracted by the
antenna from the impinging field.

UNCLASSIFIED
1. Antennas

I, Experimental
Investigation oi
Antenna Characteristics
of Random Length
Wires when Terminated
in a Two Ohm Load

II, Grinoch, Abraham

UNITERMS

Initiators

M6

Blasting caps
Antennas

Bridgewire

Radio frequency (RF)
Grinoch, A,
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